Abstract. The beef industry is an important component of
Introduction
Beef cattle production accounts for a significant portion of the agricultural industry in the Commonwealth of Kentucky. Currently, Kentucky is the largest beef producer east of the Mississippi River with over 2.4 million head of beef cattle (KASS, 2003) . Cattle production primarily occurs on small to mid-sized farms that generally support 25 to 40 head of cattle per farm. Because of increasing cattle numbers along with Kentucky's rolling to steep pastures, karst geology and numerous streams, there is a high potential for impact to riparian ecosystems and groundwater sources from uncontrolled cattle grazing.
Cattle behavior is dictated in large part by the surrounding environment. The United States Department of Agriculture Natural Resource Conservation Service (USDA-NRCS)
Grazing Lands Technology Institute (1997) in the National Range and Pasture Handbook noted that pasture characteristics such as topography, water accessibility and shade were key components in a grazing management system. Areas that attract cattle, such as shade, water and salt or minerals, cause an increase in cattle presence and thus an increase in waste deposition. One method of protecting riparian ecosystems from cattle grazing impacts is through the installation of fencing to exclude cattle from these sensitive areas. Environmental benefits derived from controlled cattle grazing include reductions in sediment loads and streambank erosion, expansion of the hyporheic zone, decreases in channel width, and increases in richness and diversity of small mammals and birds (Owens et al., 1989; Trimble, 1994; Magilligan and McDowell, 1997; Dobkin et al., 1998; Chapman and Ribic, 2000; Line et al., 2000) . However, some producers are reluctant to install protective fencing in part because of economic constraints and a reluctance to remove a portion of the pasture from production (Soto-Grajales, 2002; Barao, 1992) . While a desire may exist for not implementing this fencing best management practice (BMP), these producers may be more willing to adopt different BMPs such as an offstream waterer or pasture improvements (i.e. strategic fertilizer or herbicide applications). Therefore, a variety of BMPs should be evaluated to better understand which practices will enable producers to better control cattle grazing and provide water quality improvements.
Understanding the effectiveness of a system of BMPs in altering cattle grazing patterns requires knowledge of cattle location in relation to the implemented BMPs. Previous research into cattle behavior and grazing distribution relied heavily on visual observations (Sheffield et al., 1997 , Hart et al., 1993 Gary et al., 1983; Miner et al., 1982) . Typically, the observation periods were relatively short, lasting only a few days (primarily daylight hours) and occurring only a few times during the year. However, visually identifying animal location can be quite difficult, as the method requires a large labor input, observers are prone to fatigue, observer presence can affect behavior patterns, and observation periods are often too short to develop confidence in daily behavior patterns (Agouridis et al., 2004) . Fortunately, the difficulties associated with visually noting cattle location can be overcome using global positioning systems (GPS) technology (Turner et al., 2000) . In an effort to better understand the ability of BMP systems to alter cattle behavior, and potentially improve water quality and reduce erosion, this project examined the effects of two BMP systems (each consisting of an alternate water source, alternate shade sources, and pasture improvements with one system also having a 9.1 m wide riparian zone equipped with a 3.7 m wide stream crossing) on cattle position preference via GPS collars. Results from this project will provide stakeholders with information regarding the effectiveness of alternate management strategies designed to minimize the time cattle graze in riparian areas.
Methods

Study Site
The study area is located on the University of Kentucky's Animal Research Center (ARC) in Woodford County, Kentucky, approximately 24 km northwest of Lexington, Kentucky (38°02' N, 84°36' W). The climate is humid and temperate with a mean monthly rainfall ranging from 66 mm in October to 118 mm in July with a mean annual rainfall of 1150 mm. The ARC is characterized by gently rolling hills with elevations ranging from approximately 240 to 260 meters. One stream drains much of the ARC through two bedrock bottom second-order tributaries, Camden Creek and Pin Oak, whose confluence is near the property boundary of the ARC. Camden Creek drains 465 ha, and Pin Oak drains 337 ha ( fig. 1 ). The ARC is located in a significant karst area with over 30% of the farm draining to sinks (Fogle, 1998) . Soils at the study site are derived from limestone and consist of the Hagerstown and McAfee soil series along Pin Oak and the Hagerstown and Woolper along Camden Creek (Jacobs et al., 1994) .
The land use along the lowermost reaches of these tributaries is pasture. The pastures at the ARC are dominated by endophyte (Neotypphodim coenphialum) infected tall fescue (Festuca arundinacea). 
Treatments
Cattle Positions
Position information was collected on a subset of cattle from each pasture plot using GPS_2200 Small Animal GPS Location Systems (Lotek Engineering, Inc., Newmarket, ON. A detailed description of the GPS collars was presented in Turner et al. (2000) and Agouridis et al. (2004) . Position information was collected every five minutes for seven, 18-day periods. The . Data from all of the GPS collars were filtered and differentially corrected to ensure that only the highest quality position points were used in the analysis (Agouridis et al., 2004) . The data were then separated into position points collected during the daytime and during the nighttime. The daytime was defined as the period from the average time of sunrise to the average time of sunset for each sampling period. Previous research (Hancock 1954; Hancock, 1950) indicated that cattle most actively grazed during the daytime (85% of the time) as opposed to the nighttime.
A map of the project site was created using a Trimble Real Time Kinematic Global Positioning System (RTK-GPS) (5800 RTK rover, MS750 base station) with an advertised horizontal accuracy of 2 cm. Key attributes, streambanks, trees, fences and all BMPs, within the pasture plots were surveyed using the RTK-GPS. Additionally, the pasture plots were divided into three zones (riparian, transition and upland) based on contours and average slopes within the pasture plots (Table 3) For the daytime and the nighttime periods and for each pasture plot and each sampling event, position data located within each respective pasture feature, including the feature's 5 m buffer, were summed. For all of the pasture features, except the slope zones (i.e. Riparian, BMP and Control), points that were located in overlapping buffer areas were assigned to both features (i.e. double counted). Because of availability, the number of GPS collars used in each pasture plot for each sampling event varied between two and three collars.
In addition to cattle position information, weather data were used to aid in the determination of the effectiveness of the BMPs in altering cattle position preference. The temperature and relative humidity data were used to calculate a temperature humidity index (THI) for day period (i.e. daytime and nighttime) and each sampling period (Nienaber et al., 2003) . Bryant (1982) noted that relative humidity exerted a greater influence on cattle grazing patterns than temperature alone. The THI accounts for both factors. Solar radiation and total rainfall data (during the sampling periods, two weeks prior to the sampling periods, and 30 days prior to the sampling periods) were also used. Since forage data were not collected, rainfall data was used to provide insight into potential forage availability in the pastures (i.e. drought or wet conditions). As with the position data, the weather data were separated into daytime and nighttime periods, as previously defined, with the exception of the rainfall two weeks prior to the sampling periods and the rainfall 30 days prior to the sampling periods. These data were not separated into daytime and nighttime periods because the rainfall occurred before the cattle were collared and placed on the pasture plots.
Statistical Analysis
Initial analysis of the normalized feature position ratios using two-way repeated measures analysis of variance (ANOVA) tests for each ratio (stream and treatment as factors, sampling period as the repeats) in SigmaStat ® revealed that the assumption of normality was violated in each instance and all attempted transformations (log 10 , natural log, reciprocal, square, square root, exponential, arcsin square root) were unsuccessful in adjusting the data such that it conformed to a normal distribution. Because of the constraints of the data set (i.e.
nonparametric) and the lack of a two-way repeated measures nonparametric ANOVA, interactions between time (i.e. sampling period) and treatment (i.e. Riparian, BMP and Control)
could not be tested. Therefore, the conservative assumption was made that time and treatment interactions existed, prompting the separation of the sampling periods for analysis and resulting in a total of seven separate analyses. While this assumption likely weakened statistical power The cattle position ratios were examined using two approaches (Table 4 ). The first approach examined the cattle position ratio data for treatment effects within each sampling period using one way repeated measures ANOVAs on ranks for nonparametric data subsets (block = stream and repeat = sampling period). Parametric one way repeated measures ANOVAs were conducted when appropriate. For nonparametric data subsets, the Dunn's test was used for multiple comparisons when the ANOVAs indicated a significant treatment effect (a=0.05) on cattle position. The Tukey test was used for multiple comparisons when the parametric ANOVAs indicated a significant treatment effect (a=0.05) on cattle position.
The second approach examined the cattle position ratio data for time effects using one way repeated measures ANOVAs within each treatment using streams as blocks and sampling periods as repeats, only if significant treatment effects were noted (a=0.05). If no significant treatment effects were noted for a particular pasture feature, then a polynomial regression analysis was conducted for that particular pasture feature across all treatments regressing against time (up to 4 th order). Prior to conducting the polynomial regressions, the assumption of normality was checked for each feature dataset (all treatments and all sampling periods) using the Kolmogorov-Smirnov test (with Lilliefor's correction) for normality in SigmaStat ® . Feature data that did not meet the normality criteria were transformed prior to conducting the polynomial regressions, since this test is parametric. In both cases, if significant time effects were noted from the polynomial regressions, then the data were examined for correlations with other factors such as THI, day length (hours), solar radiation (MJ/m 2 ), and rainfall (mm).
Backward stepwise linear regression and multiple linear regression or linear regression analyses were performed for each pasture feature using SigmaStat ® (SPSS, 1997). To eliminate nonsignificant independent variables from the regression models, backward stepwise regression was performed. Backward elimination procedures are recommended when the prospective number of independent variables is less than 15 (Johnson, 1998) . Checks were performed for normality, equal variance, power and multicollinearity. The variance inflation factor was used to remove nonsignificant variables from the multiple linear regression models.
Results and Discussion
Daytime Cattle Positions
Treatment Effects
Examination of the daytime cattle position data indicated that the treatments did not differ for almost all of the pasture features during any of the seven sampling periods (a=0.05 and a=0.10). Graphical representation indicated that slight trends may be present for some of the features, but the small sample size (n=6) for each sampling period coupled with high variability between the steams prevented the statistical identification of trends.
Time Effects
Since the daytime pasture features that did not have significant treatment effects, results from the polynomial regressions performed on the daytime cattle position ratios indicated that time effects were present for the pasture features log 10 tree (4 th order, P=0.009), log 10 streambank (3 rd order, P=0.079), log 10 riparian zone (3 rd order, P=0.065), and upland zone (1 st order, P=0.016). Required transformations are indicated with the pasture feature (i.e. log 10 ).
For the pasture feature log 10 tree, the polynomial model for time effects accounted for 27% of the variability in tree ratio. Similarly, polynomial models for time effects accounted for 20% of the variability associated with the log 10 streambank feature, 26% of the variability associated with the log 10 riparian zone feature, and 19% of the upland zone feature. These results indicated that seasonal or environmental variations are likely impacting the position preferences of the cattle. As such, seasonal related variables such as temperature, humidity, amount of daylight, solar radiation and rainfall were examined in an attempt to explain these variations in cattle position preferences.
Backward Stepwise Linear Regressions
After including the variables THI, day length, solar radiation, two weeks prior rainfall, 30 days prior rainfall, and rainfall during the sampling period as independent variables, the variables two weeks prior rainfall and 30 days prior rainfall were eliminated from the models for the features. The variables THI (P<0.001) and rainfall during the sampling period (P=0.029)
were identified as significant predictor for the pasture feature log 10 tree (R where the values in parenthesis are standard errors. The variable rainfall represents rainfall during the sampling period. The model explained 49% of the variability of cattle position preference associated with the pasture feature tree through the independent variables THI (P<0.001) and rainfall (P=0.029). Results of a sensitivity analysis performed on eqn. 1 indicated that a 10% increase in THI resulted in a 31% increase in the tree ratio while a 10% increase in rainfall resulted in a 4% decrease in the tree ratio (Table 5 ). The THI was a more significant predictor of cattle preference for the pasture feature trees than rainfall. Hence, the greatest affinity for the pasture feature trees occurred when THI was greatest (i.e. August, 2002) as rainfall exhibited a minor influence on cattle position preference. The significance of THI with regards to cattle position relative to the pasture feature trees was expected. McIlvan and Shoop (1971) noted that shade was one of the largest factors contributing the cattle distribution patterns, especially during the summer months. The presence of rainfall during the sampling period was somewhat surprising, especially considering that cattle tended to avoid the pasture feature trees as rainfall increased, a period when the desire for shelter would be expected to increase.
The linear regression conducted for the pasture feature log 10 streambank generated the The model explained 19% of the variability of cattle position preference associated with the pasture feature log 10 streambank through the independent variable day length (P=0.004).
Results from the sensitivity analysis indicated that a 10% increase in day length resulted in a 19% increase in the amount of time that cattle spent in the stream or along the streambanks (Table 5) . Based on the model, cattle demonstrated an affinity for the pasture feature streambank when day length was greater than 17 hours which did not occur for the sampled periods (i.e. 14.5 hour was longest day length for sampled periods). The large length of daylight required for cattle to demonstrate an affinity for the streambank points to the limitations of this model. Rather, the increase in cattle preference for the streambank as a function of increased day length combined with the limited explanation of the variability in the data indicated that other variables were affecting cattle preference for this pasture feature. One possibility was the predominant association of longer daylight hours with the growing season (i.e. months of May and June), which in turn may have been associated with increased forage quantity and palatability. Previous research indicated that increased forage consumption was linked to increased water intake rates (Albright and Arave, 1997) . Therefore, increased streamside presence during the growing season may be attributable to increased forage intake rates.
Based on the backward stepwise linear regression analysis, the independent variables THI, day length, solar radiation and rainfall during the sampling period were included in the multiple linear regression model for log 10 riparian zone. However, multicollinearity was an issue with the independent variables THI, day length and solar radiation. After examining the variance inflation factors for each of these independent variables, both daylength and solar radiation were removed from the model. A multiple linear regression was then conducted using THI and rainfall during the sampling period as the independent variables. Results from the multiple linear regression model indicated that neither THI nor rainfall during the sampling period were significant variables in the model, and as such were not good predictors of cattle position preference for the pasture feature riparian zone. These results were somewhat surprising considering that the pasture feature streambank, which is located within the riparian zone pasture feature, demonstrated a significant linkage to seasonal variations (i.e. day length).
The presence of significant time effects as demonstrated through polynomial regression (3 rd order, P=0.065) suggest that seasonal effects on cattle position preference in relation to the riparian zone were occurring. Previous research has linked the amount of time that cattle spend in the riparian zone to the growing season. Senft et al. (1985) noted that cattle grazing along a
Colorado stream preferred to graze in the riparian areas during the growing season. Parsons et al. (2003) linked increased grazing pressure in the riparian zone of an Oregon stream to the presence of more palatable forages with a higher nutrient quality. Using variables that predict forage quantity and quality may have been better predictors of cattle preference for the riparian zone pasture feature. While the assumption was made that forage quality and quantity would be fairly homogeneous in the small pasture plots used in this study, the possibility exists that small but significant differences were present.
Based on the backward stepwise linear regression, the independent variables THI, day length, solar radiation and rainfall during the sampling period were included in the multiple linear regression model for upland zone ratio. As with the pasture feature log 10 riparian zone, multicollinearity existed between the independent variables. Guided by the variable inflation factors, the independent variables THI, day length and solar radiation were removed from the linear regression analysis. Results from the linear regression performed for the pasture feature upland zone ratio indicated that the independent variable rainfall during the sampling periods was not a significant indicator of cattle position preference in the upland.
Nighttime Cattle Positions
Treatment Effects
Examination of the nighttime cattle position data indicated that the treatments did not differ significantly for any of the pasture features during any of the seven sampled periods.
Based on the results from the examination of the daytime cattle position data for treatment effects, these results were expected as cattle are most active during the daytime hours (Hancock, 1954; Hancock, 1950) .
Time Effects
As none of the pasture features displayed significant treatment effects, polynomial regressions were performed on the nighttime cattle position pasture feature ratios. Results indicated that time effects were present for the pasture features log 10 tree (4 th order, P=0.038), log 10 herbicide (2 nd order, P=0.035), and upland zone (1 st order, P=0.048). For the pasture feature log 10 tree, time effects accounted for 33% of the variability in the data. Similarly, time effects accounted for 33% and 9% of the variability associated with the pasture features log 10 herbicide and upland zone, respectively. Seasonal indicators such as THI, rainfall, solar radiation and night length were examined in an attempt to explain time effects on cattle position preference.
Backward Stepwise Linear Regressions
Backward stepwise linear regression was utilized to determine which independent variables best predicted the dependent variables (log 10 tree, log 10 herbicide and upland zone).
Results indicated that night length (P=0.035) and solar radiation (P<0.001) were the best predictors for the pasture feature log 10 tree. For the pasture feature upland, all of the included independent variables were identified as significant (a=0.05). On the other hand, none of the independent variables included in the backward stepwise regression analysis were identified as significant predictors of the pasture feature log 10 herbicide (a=0.05).
Linear Regressions
Based on the results from the backward stepwise linear regression, a multiple regression model was generated for the pasture feature log 10 tree using the independent variables night length and solar radiation. The multiple linear regression conducted for the pasture feature log 10 tree indicated that multicollinearity existed between night length and solar radiation. Therefore, the variable night length was removed from the model because it had the larger p-value (P=0.035) of the two variables. Conduction of a linear regression model using solar radiation as the independent variable resulted in log 10 Tree Ratio = -1.067 (±0.087) + 0.2 (±0.039) solar radiation (eqn. 3)
The model was able to predict 39% of the variability in the pasture feature log 10 tree ratio with the independent variable solar radiation (P<0.001). Based on the model, increases in the independent variable resulted in the cattle spending a greater amount of time near the pasture feature trees. Results of a sensitivity analysis indicated that a 10% increase in solar radiation resulted in a 7% increase in the cattle preference for the pasture feature tree ( Table 5) For the pasture feature upland ratio, all of the variables (i.e. THI, solar radiation, night length and rainfall) displayed multicollinearity in the multiple regression model. As such, these variables were not good predictors of cattle position preference in the upland zone.
Comparison of Day and Night Results
As expected, the position preferences of the cattle varied between the daytime and nighttime datasets. Treatment effects were not identified for the daytime or nighttime datasets.
Examination of both datasets for time effects revealed that time significantly affected cattle position preference for two pasture features, log 10 tree and log 10 streambank, in the daytime data set. Only one pasture feature, log 10 tree was identified as significant for the nighttime dataset. For the daytime dataset, the primary factors identified as influencing cattle position were THI, rainfall during the sampling period, and day length. These pasture features and linear regressions with the seasonal variables indicated that the primary driving factor with regards to cattle position preference during the daytime was the cooling feature trees as cattle sought relief from the heat and humidity. Increased cattle presence along the streambank during the daytime period was linked to longer day light hours, but the impractical nature of the model (i.e.
demonstrates cattle affinity for the stream when day length was at least 17 hours) indicated that additional independent variables were required. For the nighttime data set, the significant seasonal variable was solar radiation, as decreases in solar radiation resulted in the model predicting that cattle would tend to avoid the pasture feature trees. The majority of the non-zero solar radiation values, while relatively small in comparison to the daytime values, were in the periods dividing daytime and nighttime (i.e. dawn and dusk). Thus the primary driving factor with regards to cattle position preference appeared to be a desire to avoid trees, a pasture feature often associated with loafing, possibly in favor of grazing.
Conclusions
To better understand the effectiveness of a system of BMPs in altering cattle grazing preference, cattle position preference was monitored using GPS collars. One BMP system included a fenced 9.1 m wide riparian area (equipped with a 3.7 m wide stream crossing) while another BMP system provided free access to the stream. The BMPs examined were alternate water sources and alternate shade sources as well as herbicide and fertilizer plots. Even though trees were present in all of the pasture plots, and as such, may not be considered a BMP by some, their effectiveness in driving cattle position preference was examined. These BMP systems were compared to a control with limited BMPs (i.e. trees, alternate shade, herbicide and fertilizer plots). Normalized cattle position data collected within 5 m of each feature were examined for treatment and time effects for both daytime and nighttime periods.
Results from the project indicated that treatment did not affect cattle position preference for either the daytime or nighttime periods. The lack of significant treatment effects in alter cattle position preference may have been due in part to the constraints of the data set (i.e. Significant time effects were noted for the daytime and nighttime data sets (all treatments were examined together). For the daytime data set, significant time effects were noted for the pasture features log 10 tree and log 10 streambank. The independent variables THI, day length and rainfall two weeks prior to the sampling periods were important factors in determining cattle position preference during the daytime. The significant pasture features along with the explanatory independent variables were indicative of the importance of cooling features (i.e. trees) and possibly forage on driving cattle position preference. As for the nighttime data set, variations associated with the pasture feature trees was explained in part by the independent variable solar radiation, indicating that the cattle may have increased grazing activity during the sunrise and sunset periods (i.e. avoided lower grazing areas such as loafing zones around trees).
Results from this study highlight the importance of shade in driving cattle position preference during the daytime. (Sheffield et al., 1997; Line et al., 2000) . While the results of this study indicated that no significant treatment effects were present, the significant time effects suggest that the strategic development of 1) cooling features such as shade, wading ponds or water misters and 2) areas of high forage quality and quantity may influence cattle position preference. 
